DIVIDING HEAD USING MULTIPLE LEAD TYPE WORM 
BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to a dividing head, i.e., index head using a 
multiple lead type worm, and more particularly, to a dividing head adapted 
to adjust a backlash between a worm and a worm wheel by moving the 
worm in its axial direction. 

2. Prior Art 

In a dividing head using a multiple lead type worm, it is known to adjust 
a backlash between the worm and a worm wheel by moving the worm in its 
axial direction relative to the worm wheel which meshes with the worm (e.g., 
Japanese Utility Model Appln. Publication No. 2-14921). 

In the foregoing prior art, a worm has a worm teeth portion and a drive 
shaft portion which are integrally formed, and a worm wheel is coupled with 
a worm wheel shaft (an output shaft). The axial position of the worm 
relative to the worm wheel is adjusted by moving a bearing which supports 
the drive shaft portion in the axial direction of the drive shaft portion. 

A backlash is adjusted by loosening a plurality of assembling screws to 
make a bearing housing movable relative to a frame and adjusting the 
amount of screwing of adjusting screws into the bearing housing, thereby 
moving the worm relative to the axial direction together with the bearing 
housing. The bearing housing is reassembled into the frame by means of 
assembling screws after the adjustment of the backlash. 
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In the above-mentioned prior art, however, there being a great number of 
adjusting screws, it is necessary to equalize the amounts of projections of all 
the adjusting screws, which is troublesome. Furthermore, if the assembling 
screws are tightened, the bearing housing moves, causing a change in the 
amount of a backlash, and it necessitates to adjust the amount of the 
projections of the adjusting screws beforehand in anticipation of a change in 
the amount of the backlash, which requires experience. There is also a 
method of inserting a shim between the bearing housing and the frame, but 
the bearing housing should be removed from a worm and a frame, making 
an adjusting operation more troublesome. 

Further, in a multishaft dividing head provided with a plurality of worm 
wheel shafts, the drive shaft portions of adjoining worms are coupled by 
coupling so as to rotate all the worms simultaneously; however, if a 
backlash between a worm and a worm wheel of one set is adjusted, a 
backlash between a worm and a worm wheel of another set is influenced, 
sometimes requiring adjusting such a backlash, too. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to facilitate an 
adjusting operation of a backlash between a worm and a worm wheel in a 
dividing head using a multiple lead type worm. 

The dividing head according to the present invention comprises a hollow 
worm body having multiple lead type worm teeth, a drive shaft fitted into a 
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hollow portion of the worm body, and an assembler having an annular 
portion which is coaxial with the drive shaft, displaces in the radial direction 
to press the worm body and the drive shaft, and couples them by frictional 
engagement. 

Since the worm body is fitted into the drive shaft, the worm body can 
rotate relative to the drive shaft, can move to an arbitrary position in the 
axial direction, and can be unmovably assembled by the assembler. 

Adjustment of a backlash between the worm wheel and the worm can be 
carried out, in a state that the worm wheel shaft and the drive shaft are 
assembled into the frame through a bearing and that the worm body and 
the drive shaft are uncoupled, by moving the worm body relative to the drive 
shaft. The worm body and the drive shaft are coupled by the assembler 
after adjusting the backlash so as not to move relatively. 

When adjusting the backlash, the drive shaft and the bearing housing 
are not moved. Also, since the bearing housing is not assembled into the 
frame after adjusting the backlash, there is no backlash error due to an 
axial movement caused by the assembling of the bearing housing after 
adjusting the backlash, and there is no need to readjust the backlash. 

As a result, according to the present invention, the operability in 
adjusting a backlash is improved, and the backlash can be adjusted with 
high accuracy. 

The assembler can include: a cylinder which forms the annular portion, 
the cylinder being disposed between the worm body and the drive shaft, 
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having a fluid reservoir in its interior, and being expandable with the outer 
periphery and the inner periphery of the cylinder displaced outwardly and 
inwardly in the radial direction by the pressure of the reservoired fluid; a 
flange integrally following the cylinder and having a screw hole connected to 
the reservoir; and a screw member to be screwed into the screw hole, 
wherein the worm body can have a fitting hole having a larger diameter than 
that of the drive shaft at an axial position corresponding to the worm teeth. 

By constituting the assembler as mentioned above, the outer periphery 
and the inner periphery of the cylinder can be displaced in the radially 
opposite directions to each other by moving the screw member forward and 
backward relative to the screw hole and changing the pressure of the 
reservoired fluid, thereby actuating and releasing the frictional engagement 
of the cylinder and the drive shaft due to the pressure of the outer periphery 
of the cylinder against the fitting hole, actuating and releasing the frictional 
engagement of the worm body and the drive shaft through the cylinder, and 
selectively couplining or uncoupling the worm body and the drive shaft. 
Further, since the cylinder is inserted into the fitting hole formed in a 
position in the axial direction corresponding to the worm teeth, a space in 
the axial direction is saved. 

If the dividing head is a multishaft dividing head provided with a 
plurality sets of the worm bodies and the assembler, at least two sets of the 
worm bodies can be assembled into the drive shaft in common. By doing so, 
when adjusting the backlash of one set, the drive shaft is left unmovable in 



4 



the axial direction and does not influence the backlash of the other sets. 
Further, such a dividing head is higher in rigidity and straightness than a 
conventional multishaft dividing head connecting a plurality of worms by 
coupling, improved in accuracy in torsion, deflection, and the like, and the 
space between the worm wheels can be made small by the axial dimension 
of the coupling, thereby saving the space. Further, the worm body can be 
moved relative to the drive shaft to an arbitrary position in the 
circumferential direction for coupling, so that the phases of at least two sets 
of circular tables can be easily conformed. 

BRIEF OF THE DRAWINGS 

Fig. 1 is a cross sectional view showing one embodiment of the dividing 
head according to the present invention. 

Fig. 2 is a cross sectional view showing in detail a part of the dividing 
head shown in Fig. 1 . 

Fig. 3 is an enlarged cross sectional view showing the major part of the 
dividing head in Fig. 1 . 

Fig. 4 is a cross sectional view taken along the line 4-4 in Fig. 3. 

Fig. 5 is a cross sectional view showing a part of another embodiment of 
the dividing head according to the present invention. 

Fig. 6 is an enlarged cross sectional view of the major part of the dividing 
head shown in Fig. 5. 
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PREFERRED EMBODIMENT OF THE INVENTION 

Referring to Figs. 1 through 4, a dividing head 10 is a multishaft dividing 
head provided with two worm wheel shafts 14, i.e., output shafts 14 having 
worm wheels 12 assembled. The dividing head 10 comprises two sets of 
worms 22 in which two hollow worm bodies 16 releasably coupled with a 
common drive shaft 18 by an assembler 20. To each worm wheel shaft 14, a 
circular table 24 is attached. 

The drive shaft 18 is rotatably received at its both ends on a frame 30 by 
radial bearings 26, 28 and two thrust bearings 29. The radial bearing 26 
and the two thrust bearings 29 which receive one end portion of the drive 
shaft 18 are removably assembled together with the drive shaft 18 on the 
frame 30 by a housing 32. An end plate 34 is assembled into the housing 
32. 

To the other end portion of the drive shaft 18, the radial bearing 28 and 
an oil seal 36 are attached. The shaft end of the other end portion of the 
drive shaft 18 is projected out of the frame 30. A gear 38 is assembled into 
the shaft end of the other end portion of the drive shaft 18. The gear 38 
meshes with a gear 42 assembled into the rotation shaft of a drive motor 40 
and is rotated by the driving motor 40. 

When the drive shaft 18 is rotated by the driving motor 40, the worm 
bodies 16 are rotated, whereby the worm wheels 12 and the worm wheels 14 
are rotated. As a result, the circular table 24 is rotated, and an angular 
division is carried out. 
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The frame 30 is opened at downward and in the front surface. The 
downward opening is blocked by a bottom plate 44 which is removably 
assembled with the frame 30 by a plurality of screw members. The front 
surface is on this side in the perpendicular direction to the sheet surface in 
Fig. 1, and the front-side opening is blocked by a lid plate (not shown) 
removably assembled into the frame 30 by a plurality of screw members. 

Each worm body 16 is shaped in a hollow form so as to coaxially have a 
hollow portion 46 which is a fitting hole to be fitted on the drive shaft 18, 
and a space portion 48 which is a fitting hole for receiving a part of the 
assembler 20, and further has a multiple lead type worm teeth on the outer 
peripheral portion. The inner diameter of the space portion 48 is larger than 
the diameter of the drive shaft 18. In the worm teeth, the leads are slightly 
different at the right and left sides of the teeth face, so that the thickness 
dimension of the teeth gradually increases toward one side (e.g., the side of 
the assembler 20) in the axial direction (rotation axis) of the worm body 16 
and the drive shaft 18. 

Each assembler 20 include a cylinder 50 forming an annular portion for 
combining the worm body 16 and the drive shaft 18 by factional 
engagement, an integrally continuous outward flange 52, and a screw 
member 56 air-tightly or liquid-tightly screwed into a threaded hole 54 
formed in the flange 52 . The cylinder 50 has a hollow shape to function as a 
through hole, has a fluid reservoir 58 inside and can be selectively expanded 
and contracted by adjusting the pressure of fluid such as reservoired 
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working oil. The screw hole 54 of the flange 52 extends in the radial 
direction of the flange 52 and is connected to the reservoir 58. 

In each assembler 20, the coupling of the worm body 16 and the drive 
shaft 18 is carried out by screwing the screw member 56 into the threaded 
hole 54 with the cylinder 50 disposed coaxially in the space portion 48 of the 
worm body 16 to raise the pressure of the fluid inside the reservoir 58, 
thereby expanding the cylinder 50 and displacing the inner periphery and 
the outer periphery of the cylinder 50 radially outward and inward 
directions opposite to each other. By this, the cylinder 50 and the worm 
body 16 are frictionally engaged by the pressure of the outer periphery of the 
cylinder 50 against the inner periphery of the space portion 48, and the 
cylinder 50 and the drive shaft 18 are frictionally engaged by the pressure of 
the inner periphery of the cylinder 50 against the drive shaft 18, whereby 
the worm body 16 and the drive shaft 18 are coupled. 

The worm body 16 and the drive shaft 18 is disengaged by loosening the 
screw member 56 to lower the pressure of the fluid within the reservoir 58 
thereby contracting the cylinder 50. Since this lowers the frictional 
engagement force to both the outer periphery and the inner periphery of the 
cylinder 50 positioned between the worm body 16 and the drive shaft 18, the 
worm body 16 and the drive shaft 18 are disengaged. 

When adjusting the backlash between the worm wheel 12 and the worm 
22 (worm body 16), a lid plate blocking the front opening of the frame 30 is 
firstly removed. Then, the screw member 56 is loosened to lower the 
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pressure of the fluid within the reservoir 58, thereby disengaging the worm 
body 16 and the drive shaft 18. Thereafter, the worm wheel 12 is kept 
irrotatable in that state, and the worm body 16 is rotated, following which 
the worm body 16 and the assembler 20 are moved in the axial direction of 
the drive shaft 18 relative to the worm wheel 12. 

In this adjustment of the backlash, when the worm wheel 12 is meshed 
with worm teeth large in tooth thickness, the backlash becomes small, and 
when the worm wheel 12 is meshed with worm teeth small in tooth 
thickness, the backlash becomes large. Therefore, by moving the worm 
body 16 in its axial direction, the position of the worm body 16 in the axial 
direction can be adjusted such that the amount of backlash becomes 
optimum. 

After the backlash adjustment, the screw member 56 is screwed into the 
screw hole 54 to raise the pressure of the fluid within the reservoir 58. By 
this, the worm body 16 and the drive shaft 18 are reunited. Further, the lid 
plate for blocking the front opening of the frame 30 is finally assembled into 
the frame 30. 

The foregoing backlash adjustment is carried out for each set of the 
worm wheel 12 and the worm body 16, and the back lash adjustment of one 
set does not influence the backlash adjustment of the other set. Phasing of 
the circular tables 24 of both sets can be made after adjusting the backlash 
of one set. 
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As mentioned above, in a state that both the worm wheel shaft 14 and 
the drive shaft 18 are assembled into the frame 30 through the bearing and 
that the worm body 16 and the drive shaft 18 are disengaged, keeping the 
worm wheel 12 irrotatable, the backlash between the worm wheel 12 and 
the worm 22 can be adjusted by moving the worm body 16 in its axial 
direction while rotating the worm body 16 relative to the drive shaft 18. 

Since the drive shaft 18 and the bearing housing 32 are not moved at the 
time of adjusting the backlash, and since there is no necessity for the 
assembling of the bearing housing 32 after the backlash adjustment, there 
is no error in backlash by the axial movement, and there is no need to 
readjust the backlash. 

As a result of the above, the dividing head 10 improves the operability in 
adjusting the backlash, and the backlash can be adjusted with high 
accuracy. 

Also, according to the dividing head 10, by moving forward and backward 
the screw member 56 relative to the screw hole 54 for changing the pressure 
of the reservoired fluid, the worm body and the drive shaft can be selectively 
coupled or uncoupled. Further, since the cylinder 50 is inserted into a 
space formed at an axial position corresponding to the worm body 16, it 
reduces the space in the axial direction. 

According to the dividing head 10, furthermore, in comparison with the 
conventional multishaft dividing head connecting a plurality of worms by a 
coupling, the rigidity and the straightness are enhanced, the accuracy in 
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torsion, deflection and the like are improved, and the distance between the 
worm wheels 12 can be made smaller by the axial dimension of the coupling 
to reduce the space. Also, since the worm body 16 can be coupled by 
moving it to an arbitrary position in the circumferential direction relative to 
the drive shaft 18, the phases of all the circular tables 24 can be easily 
coincided. 

In the dividing head 60 shown in Figs. 5 and 6, a worm body 64 which is 
a member of a worm 62 is formed in the same shape as the worm body 16 
except that the worm body 64 has an elastically deformable sleeve 66 at one 
end in place of the space portion 48 of the worm body 16 in the dividing 
head 10. 

An assembler 68 for assembling the worm body 64 into the drive shaft 18 
is provided with a first ring 70 to be fitted on the outside of the sleeve 66, a 
second ring 72 fitted on the worm teeth side of the outer periphery of the 
first ring 70, a third ring 74 fitted on the opposite side of the worm teeth of 
the outer periphery of the first ring 70, and a plurality of screw members 76 
screwed into the second ring 72 through the third ring 74. 

The first ring 70 has an outer periphery having a mountain-like shape in 
section due to two truncated conical faces 78, 80. Therefore, the diameter of 
the outer periphery of the first ring 70 is decreased toward both end sides in 
its axial direction. 

The second ring 72 has a truncated conical inner periphery 
corresponding to one truncated conical face 78, with the inner periphery 
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fitted on the truncated conical face 78. The third ring 74 has a truncated 
conical inner periphery corresponding to the other truncated conical face 80 
of the third ring 70, with its inner periphery fitted on the other truncated 
conical face 80. 

Each screw member 76 is illustrated as a bolt, which is screwed into the 
second ring 72, penetrating the third ring 74. 

In the dividing head 60, coupling or uncoupling of the worm body 64 
relative to the drive shaft 18 can be made by bringing the second ring 72 
and the third ring 74 close to or away from each other by means of the 
screw member 76. 

By increasing the amount of screwing the screw member 76 into the 
second ring 72, the second and third rings 72 and 74 relatively come closer, 
so that their inner peripheries are respectively brought into contact with 
larger diameter portions of the outer periphery of the first ring 70, and the 
inner peripheries of the second and third rings 72 and 74 press the first ring 
70. This makes the first ring 70 displace inwardly in the radial direction 
and presses the sleeve 66. Consequently, the sleeve 66 is displaced 
inwardly in the radial direction and presses the drive shaft 18. As a result, 
the friction force by the pressing force is generated between the inner 
periphery of the sleeve 66 and the drive shaft 18 to couple the sleeve 66 and 
the drive shaft 18. 

When the amount of screwing of the second ring 72 into the screw 
member 76 is decreased, the second and the third rings 72, 74 are relatively 
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separated to release the pressure of the first ring 70 against the sleeve 66, 
making the frictional engagement force between the drive shaft 18 and the 
sleeve 66 smaller, so that the drive shaft 18 and the worm body 64 are 
uncoupled. 

In the dividing head 60, therefore, the backlash between the worm wheel 
12 and the worm body 64 can be adjusted by making the amount of 
screwing of the second ring 72 into the screw member 76 small, keeping the 
worm wheel 12 irrotatable in its state and moving the worm body 64 in its 
axial direction while rotating the worm body 64 about the drive shaft 18. 

In the first ring 70, the first ring 70 may be formed from a non- 
continuous annular portion, by forming at least one void space in the 
circumferential direction. By this, the first cylinder 70 can be displaced 
radially with smaller force. 

The present invention is not limited to the above embodiments. For 
example, the present invention can be applied not only to a double-shaft 
dividing head but also to a dividing head comprising a single worm wheel 
shaft only as well as to a multishaft dividing head comprising at least three 
worm wheel shafts. The present invention can be changed variously without 
departing from its spirit. 
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